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TACI-Ig Neutralizes Molecules Critical
for B Cell Development and Autoimmune Disease:
Impaired B Cell Maturation in Mice Lacking BLyS

Jane A, Gross," Stacey R Dilion,* The mature B cell poai consists predaminantly of two
Sherri Mudr,’ Janet Johnston,! Allsa Littay tuncticnally and Phendtypically distinet populations:
Aichard Roqua,? Mark Rixon,? Ola Schou,* conventlonal 8-2 B cells logated in the follicles and mar-
Kevin P. Foloy,* Haraid Haugen? glnal 2ones (M2} {Oliver ot al,, 1997) as well a3 B-1 g
Susan McMillan,® Kim Waggie,? calls located In peritoneal cavities (Hayakawa and
Randy W. Schreckhise, Kim Shosmaker,” Tuyen vu,! Hardy, 2000). Immature B cellsaxit tha BM as transHional
Margarst Moore,® Angelika Grossman,’ T1 B cells and migrate to tha periarterial lymphatic
and Chris H. Clegg? sheath (PALS). These calls are thought toundargo selac-
'Departimant of Imtmunology tion processes mediated by signals through the BCR
*Department of in Vivo Hivlogy and from the microanvironment {Loder et al, 1999), T4
3Departmant of Protein Blochemistry cells are thought to ditterentiate into transitional 12 B8
*DRepartment of Bio-Process Ressarch calls, acquiring expression of Cp23 and 19D (Loder et
*Department of Genatics al., 1389} MZ B cells, located in the space surrounding
*Bepartment of Product Development and the follicle, raprasent a typp of memory & eall capable

Manutacturing of responding rapidiy 1o antiganic challenge involving
"Dapartment of Nuclele Acid Technology local metallophitic macrophages and dendritic cells
ZymoGenetics Ing, {Martin and Keamey, 2000b). The maturs B call reper-
1201 Eastiake Avanus East tolra also includes B-1 B calls that produce the majority
Seattle, Washington 88102 of Abs to seif-antigans (Amold gt al, 1894; Hardy and

Hayakawa, 2001), The davelopment of B-1 and 8.2 colls

invoives hoth puosltive and negative salection evonts,
Summary madulatad in part by the strength of BCR-mediated sig-

nals, Additional environmenta signala and migration

- : also contribute 1o the developmental reguiation
BLyS and APRIL have similar but distinct blological  everts !
roles, mediated through two known TNF receptor fam- ;’; b;;g 5 celllineages (Hardy et al, 1994; Melchers st
Iy members, TAC! and FOMA. We show Tt mice 'BLYS (BAFF, TALL1, THANK, ZTNF4) and APRIL are .
:raatedwrthTACl-lg and TACI-lg transgenic mica ave moleculss that modulats B coll activation {reviawed in
ewer trinsitional T2 and mature B calis and reduced iand S 2 ival (Batt al., 2000:
levels of circulating immunoglobulin. TACI-g treat. Dauabtla?!m 2 Boohass‘ Thsr v 200‘). ::Jm;mé zr;m o ot
ment inhibits both the production of collagen-specific {Gr:ss ol ém"’;‘& c‘:;; atal 19 ;b?”A uﬁ;’qeu:pp“::p-
- £33 ] b ] .
Abs and the progre?sion ot diseass In 2 mouse modl onty of APRIL is its ability to costimuiata T calls in vitro
of rheumatoid arthritis. in BlLyS-deficient mice, B cell and to promate tumor survival (Hahne et al, 1968: Ren-
development la blocked at the transitional T1 stage nert atgf 2000; Yu et al 2000). In vive B.’Lys o;amx-
O ot ] T 1] - (]

such that virtually no mature 8 cells ara prosant, whila prassion in transgenic (TG} mice results in the-expansion
B-1 cell numbers ara relatively normal, These findings of mature B-2 and 8.1 B calis in the splesn and m
further alucidate the roles of BLYS and APRIL In modu. toms characterstic of aur d;ma (Gms:s f;_';
fating B coli development and suggest that BlyS is al,, 2000, Mackay et al 1959). Both BLyS and APRIL
required for the development of rmost but not ail ma- hl.!;d TA.CI and BCMA.' and ara thought 1o function
ture B cell populstions found In the periphary, through thesa receptors (Gross et al., 2000; Marsters ot
al, 2000; Wu st a,, 2000). TACI is exprassed on mature
B cells and on activated T calls (vors Bulgw and Bram,
1997), whersas BOMA ax ression is reatr to B cail
Davelopment of the mature B cell repertoire from bone pop::]laﬁons (Laabi and gtrassen nzm ;taegwom al,
marraw (8M) precursors is a complex process govemad 1998). Howaver, it Is not yet elear precisely where in
by a variety of molecutar and cellular avants (Hayakawa 8 cell davelopment these receptors funcion. Soluble
et al, 1997; Yankee and Clark, 2000). After successful receptor foms of TACH and BCMA can inhibit BLyS and
axpraasion of 'surfaca immunogicbulin !Ig), immaturs B APRIL activity in vitro (Gross et al,, 2000; Marsters ot
celis are subjected to 2 seres of signaling events al, 2000; Yust al., 2009). In vivo, TACI-Ig can inhibit the
through the BCR (DeFranca, 1937, local receptors, and levels of circulaling B220* B calls (Gross et al,, 2000),
factors from the micraenvironment, that ultimately de- antibody (Ab) production to a T-dependant antigan (Yan
terming their developmental fats {Loder et al, 19gg), ot ak, 2000; Yu et al., 2000}, and the development of
These signals sarve as checkpolnts to ensure that fully disease in mice that spontansousty davalop symptoms
compatent B cell repertoire, capable of feacting to g characteristic of systemle iupys arythematosus (SLE)
diversa sat of antigens, Is achisved whila maintaining {Gross et al,, 2000).

Introduction

tolorance to self-antigens {Melchers at al.,, 1935}, Hare, wa demonstrate that tha TACH-Ig solubla recap-
tor can biock the development of Specific B call popula-
. tions in the periphery, suggesting a rola for the factors

!Comespondance: gronsi@zgi.com
*Presont addresm: Millennium Pharmaceyticats, Inc., 75 Sidney nautralized by TACHlg {including BLyS and APAIL) in
Stroet, Cambridge, Massachusons 02139, stupporting B cell homeastasis, We also invastigate the
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ability of TAC!-Ig to Inhibit the development of collagen-
specific Abs and the incidence of diseasa in a mouse
maode! of collagen-indused arthritis {CIA). Last, we pro-
duced BLyS '~ mice to dissect tha role of this ligand In
the davelopment of B calls In the preimmune mousa,
These rasults provide compeliing data indicating the
importance of factors dalivered by specific micrmenvi-
ronments in the development of normal and autoreactive

B calls.
Resulta

TACI-Ig Treatmant of Nalve Mica Results In a Specific
Loss of Mature B Cell Populations but Has Little
Effect on Other Cell Lineages

Ws treated naive mice with 100 g of human TACIIg,
human IgG (Hu-Ig), of PBS three times a week for a total
of2wesks to detarmine its effect on B calls andonother
cells of the Immune systam. There was no significant
difference in the total cell numnbers found in splsan,
thymus, peritonesl exudates {PEC), mesenteric lymph
nods {(mLN), or 8M of mice treated with TACH-lg. {data
not shown), Cells from each tissus wers stained with
flvorescently labeled mAbs and analyzed by immunofiy-
orescanca flow cytometry (FACS) in order to idantity
specific cell lineages in sach of thase organs {Figure
1A). TACI-Ig treatmant had no effect on the percentagas
or total numbars of immature and mature thym

(data not shown), of mature T cells defined by CD4/CD3
surface expression in the thymus and spleen (data not
shown), or of CDS+B220~ T cells inmbN, splesn, or PEG
(Flgure 1A}, Splean monocyte populations identified ai-
ther as CD5 8220 {Figure 1A} or as CD14* cells (data
not shown) were not affacted significantly by TAGHIg
treatmant,

Howeaver, TAC!-!g had a profound effoct on the repre-
samtatlon of B colla in Peripheral lymphaid organg after
treatment with TACI-Ig for 14 days. The averaga parcant-
age of B cells defined as CDE-B220+ in the mLN of
ntreatsd mite was 27.9 + 1.6% varsus 13.4 =+ 1.6%
In treated mice and dropped from 52.5 = 3.7% to B85+
2.0%, respectively, in the spleen {Figure 1A}, Thars also
Was a moderate decreass In tha percantage of 8.1
(B220*CD5 B celis in tha PEC of TACHg treated mice,
dropping from 38.3 = 2.1% in the controlgroup to 29.5 +
1.4% in the TACHg treated mice {Figure 1A}, The BM
was analyzed to determine the effect of TACKIg traat-
ment on stem cell populations and on B cell precursora.

(Figure 14}, In addition, B220* pre- ang pro-B calls
(B220*1gM™19D") and Immature B calls (B220-1gm*
D7) wera not alterad by TACHig treatment. However,
there was a clear decraase in the mature reclculating B
cell popuiation [B220*1gM*IgDy*} in the BM, Tha averaga
percentage of these celis dropped from 10.5 + 3,29 In
the group trested with Hu-9to 56 + 1.3% in the TACI-Ig
treatment group {Figure 1A),

TACI-Ig Specifically Blocks the Devalopment of B
Celis at the Transition from T1 to T2 and the
Davelopment of Mz B Cells In the Spleen

We axamined the numbers of splanic B call populations
(defined as B220*) to determine which popuiations were

affected by treatrnent with TACHg versus Hu-ig or PBS
{Figure 18). We used Abs to cba1, coa3, lgD, and IgM
to distinguish transitional T1 {lgM*CD21} trom 12 cells
and M2 {IgM~CD21%) B calls {Figure 1). Thers was a clear
block in development of both T2 and MZ B colls after
expasure to TACK1g. There was g sfiaht increase in nawly
formed (NF) B cells, defined as B220*CD21 CD2a-
{Figure 18). Howaver, thare was no incomparation of
S-brome-2'-deoxyuridine (Brdl)} within the NF B call
populationin the TACI-Ig treated mice (data not shown),

Wa also measured serum Iy lavels after 2 and 4 waeks
of treatment with TAGH-lg. The serum lovels of igM
dropped 23-10id sfter 2 weeks of TACHlg treatment,
but there was no significant drop in I5G compared tg
animals treated with Hu-ig or PES {Figure 1C). Simflar
data were obtalned from animals treated with TAGHIg
for 4 weoks {data not shown). The longsr half-life of
lgG compared to igm may be responsible for sustained
levels of IgG in TACI-lg-treated mice desplta their re-
duced B cell numbers, Altarnativaly, B celis responsible
for IgG production in naive mivg fincluging the long-
lived plasma call pool} may be resistant to TACHg In
this treatmant mode. In addition, an immung reaponse
to the human TACHig protein may result in activation
evants that affect serum Iz However, we have obsarved
a similar affect on B cal? development and Ig production
in mice treated with muring TACI-ig {data not shown)
and In TACHIg TG mice (sea balow).

TG Mica Overaxpressing TACl-lg Have a Severa
Repletion of Transitional T2 and Mature B Celj
Populations and Reduced Levels of Clreulating g
TG mice overexpressing TACKLlg warg preducsd using
the Vi-E, promoter/enhancer to direct expression In
lymphoid cells (Gross at al., 2000}. Since normal mice
maunt an immuns response to hurnan TACI-Ig, we con.
structed TACHig TG mice to study the effacts of tong-
terrn exposurs to the soluble TACI receptor In animals
toterant to the human pratein. We tdentifiad expression
of tha transgens in serum fram two faundar mice {4687
and 4671) by Westam biot analysls using polycional Abs
to TACI {Figure 24) and ant-human F Ab (data not
shown). The two MW species identified In TG serum
ropresent active proteoiytic frapments of TACHg. The
levels of TAG! soluble raceptor ware found to be 0.6 +
0.075 mg/mi in mice from line 4587 (Figure 28) detected
by ELISA. Serum lovels of bath igM and IgG were de-
prassed in the TAGL-Ig TG mice. There was an averags
2.5-fold drop In serum oM and'a 5-foid drop in serum
l9G lavels maasured i 20 TG mice from line 4687 (ages
9-23 weeks) comparsd to average values measure in 7
Ittermate controls of similar age {Figures 2C and 2Dy
Thus, chronic exprassion of TACKHiginthe TG mica jeads
to a decreasa in IgG levels that was nct observed In
Aormal adult mice treated for a short tima with protsin
{Figure 1.

The total numbers of alls comprising the peripheral
lymphaid compartmants were determined in the TACI-
Ig ¥& mice and litarmate contrals (Figure 28). Total
splanocyte numbers in adult TACHlg TG mice wera 1.7-
told lower than splenocyte numbers in controf mica {Fig-
ure 2E, p = 0,0004), In atidition, thers was statistically
significant decrease {p = 0.0008) in the numbers of B-1
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Figure 1. Mature B Calls and Serum IpM Lavels Are Raduced in TACH-ip-Troated Mice

Five BALB/¢ mics wern treated three Ymes/weak for 14 days with PAS daty Nt ahown), 100 g of TACKIp, or Hu-lg contro! protaln, On tha
14" day, thymus, mLN, safesn, BM, and PEC werp collscted, stained with fluorescantly tabaled mADa to g variaty of cofl surface Markers,
and analyzed by flow cylomotry, ]

(A} Represantative profilen am shown for mEN, PEC (lymphocyte-gated), 8M, and whols or tigag+ eplasn. PEC, miN, and spleon wer stajng
with anth-C05 and anti-B220 mADa o distinguiah T and B colls. BM colls wera stalned with mAbs to IgM, 1D, and 5220 ang gated an B2

and 8-2 PEC in ths TG mice {Figure 28), However, the
TACI-lg TG mica have nommal numbers of cefls In tha B,
thymus, and miN compared to control mica (Figura 2E),

Thae thymus, mLN, spleen, BM, and PEC wars isolated
from ten TG mice and five Aan-TG. Cell populations wers
analyzed by FACS to charactarize the sffact of tha TAC)-
Ig tmnsgene on the developing immune system. Repre-
sentative FACS analysas ofthese Populations are shown
in Figure 3A, and detallad quantitative analysls of total

and mature thymocytes defined by CD4 and CD8 ax-
pression, and the ratios of CD4* and CDA* T eellg are
nomal in splaen, mLN, and thymus {tiata not shown),
The everage parcaniage of B-2 cells was reducad from
286 % 29% tn 3.9 1.6% In the min {CD18*), from
61+ 62%t019.9+ 6.2% In the spleen (B220~CD5~),
andfrom 37.2 + 6.9% to 7.5 * 3.1% In the paritoneum
{B220+CD5~) (Figure 3A). There was also & loss of B
colls in the peritoneum, drapplng from 14.5 = 3.4% in

cell numbers is shown In Figura 38, The thymus of TACI-
'g TG mice contalns normal Percentages of immaturs

non-TG mice to 4.3 » 2.8% In mics exprassing TAQL.
!9, reprasenting a 3.5-fold drop in the total number of
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Figure 2. TAGHg TG Mice Have Reduced
Numbers of Splanocytes, PEC, and De-

nonTG

wrwased Levsls of Serum Iy

{Ari0 ngTAGKIgfsftlana)and 2 5 slef sarum
from nan-TG mice (1 and #7) and two Indo-
pendent TACLlg TG faundors (#4687 ang
#4671} wara resalved on a NuPages MES gal
{4%-12%), Immunobiotted with TACkspo-
clfic rabbit polvelonal Abs, datected with
HRP-conjugater antirabisi 1o, and deveh
oped using chemiuminescance. The pre.
dicted MW from the TACH-Ig TG construct is
amaller than the MW of the TACEIg stundarg
usad in the Westom biot. Pertia proteolysis
of TACHg was observad 8 serum from both
foundors 84697 and #4671, rosulitng In twa

TG 4887

nonTG@ TG 4687

m

aonT@

MW species approximataly 46 end 44 kDa.

{8 TACK Iy s8rum favels ware detarmined by
ELISA for offspring of TACHg T8 founder
#4581, Values tepresont the avarage TACKlp
concentration in the semun of fayr nanTG
and fowr TACKG TG mica {B-10 weeks of
agel. Esror Sars depict tha standard deviation
from the mean of agch praup; the astedsk
indicatea a wtatistivally significant diffarenca
betwunmetwogmupa(o-co.nﬂ.ﬁnlemtz
of (€} lgM and (D) 159G In serum from non-Tq
mics {opon bars) ang offypring of TACHD TG
founder B4557 {aoild bars) wem detanmined
by ELIBA, Values Tapiesamt the avemgn of 7
non-Tt end 20 TACHIg TG mica, trom 523
wooks of age; statistical significance of the

TG 4687

g

1504

g

Total calls {x 16°6)
8

o
O

BM

mLN

splean thymus

B-1 cells {Figure 3}, This suggests that the B-1 cells may
be depandent on BLYS and/or APRIL for their survival
or developmaent (see Diseussion),

Ther Is 3 clear luss of mature IgM™gD* [Fraction B,
a5 well as the less mature Fractions i (oM*igD* and
M {laM*1gDem {Hardy et al.,, 1982} B colls in the spleen
of Non-TG varsus TACHIg TG mica {Figura 3), Thero iz
also a specific amest in the davalopmont of both T2 and
MZ B cells {CD21+ igM™), detreasing from 11.7 + 3.2%
in control mice to 1.6 + 0.6% in mice expressing TACL
ig, whereas the Tt transitional B cails remain unaffacted
{Figure 34), it should be noted that “Fraction {I}* (Hardy
etal., 1982 andtha T4 cell population are not equivalent,
since Fraction Jii actually consists of a mixturs of NE/
T1, MZ, some 8-1, and other activated B cells, Thys,
therais no diserepancy inthe chsarvation that the num-
ber of Fraction Il B cells drops dramatically in tha TAG-
197G mica, whils the numbersof 11 B cells arn compara-
ble to thoss in the non-Tg contrals (Figure 3B). Thers
is also a distinct block In the development ot MZ B cells
Inthe TACI-lg TG mics (Figure 24). Given the compalliing
similarifes betwesn B-1 and MZ B cells [Martin and
Keamnay, 2600a), our data Suggest that a common sat
of tactars, which likaly include BLyS and/or APRIL, ara

)

Total cells {x 108

data was detarmined 2a in (),

{E) Cell suspenaions tom splsen, thymus,
BM, mLN, end PEC wars fraparad from non-
TG and TACI-Ig TG mice and numbers of ty-
man blus-excluding bve cella ware counied,
mamgatutascaﬂnumberhmhatganl
compartmart of thm non-T {open bars) and
tan TACLlg mice (salid barm} s shown,

e
i

o! PEC

Impartant for the devalopmant of baththese B eall popu.
lations,

“Thers Is also a dramatic decreass in the T2 B ogl)
population and mature FO B cell populations, whersas
tha numbers of T! B cells are relatively unaffected In
TACKIg TG mige {Figure 3B}, Thers is an Increasa in
COR1*CO23+ B calls in the spiesn of TACL-Ig TG mice
{Figure 38), This may represent & novel ransktionat pop-~
ulation or aiternativaly a downmodulation of CD24 on
the surface of the'FO B cell papulation. BM from TACI.
Ig TG mice contalns siightly lower numbers of laM*igh-
immature B cells (Figura 38}, Remarkably, dospite the
substantial loss of mature B cells, there is anly a subtla,
but significant, decrease in the numbers of CO4* ang
CO8* T cells in the spleen and miN of TACH-1g TG mice
{Figure 3B; data not sha 3

TACI-ig Inhibits the Prograssion of Disaass and
Autoantibody THers Ity g Mouse Madai of ¢1A

There are slevated levels
tients with RA {Cheoma at ak, 2001) and SLE, comalating
with elavated lavals of autoreactive Abs {Zhang et al,,
2001). Therefore, BLYS represents an appropriste target
for intarvantion in autoimmune disaases charactarized
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by elsvated lavels of autoantibodies that comtribute to
disease pathology. The abiiity of TACI-Ig to suppress
the development of Abs to fomign antigens indicates
that it might be useful in suppressing the development
of autorsactive Abs and diseasa in the ClA modsi of RA.

We treated mice with TACHg, Hu-ig or PBS thres’

timos a week, i.p., for 3 weeks. In the prevention mode,
treatment was initiated 7 days prior {day ~7) to tha
second collagen injection (day 0), whan there are already
increased serum fiters of anti-collagen Abs and few
avert signs of disease (Figures 4A-~4C), Qualitative clinl-
cal scores of disease were assessed daily for alf four
paws {scale 0-3). The average paw score and the par-
centage of animals with established disease wers re-
ported for sach group. In addition, serum samples waro
tested for circulating anti-collagen Abs at day -3, day
4, and day of sacrifics (Figure 4C).

Prophylactic administration of TACHy dslayed the
enset and lowered the severity of Inflammation In the
TAGHg treatment group (Figure 4A). No disease was
observad until after day 18, 4 days after dosing was
stopped. in addition, TACHIg docreased the percentage
of animals that developed established disease com-
pared 16 milse traated with Hu-lg or PBS (Figurs 4B),
TACH-lg suppressed the development of anti-collagen
Abis on day 14 {3 weaks afler treatment was Initiated)
and on day of sacrifice, compared with the Hu-lg and
PBS control groups (Figure 4C).

Administration of TACI-Ig 7 days aiter the second
dose of callagen more ¢losaly reprasants a therapautic
mode of treatment. At this time, antl-collagen Abs are
elevated, and inflammaton was present in an #varage
of 52% of the animais (data not shown). Administration
of TACHg at this stage Inhibited the progression of
dissass, reflected in lower average paw scores (de-
creased severity of inflammation) (Figure 40) and in tha
decreasad percentage of animals with established dis-
ease (Figure 4E). The serum Ab titers to callagen were
slightly decreased In the TAC)-1g treatment group at day
14, 1 week after the start of treatment, and decreased
{urther in sarum samples taken on day 28 and day of
sacrifice {Figure 4F). Immunohistochamical staining of
spleen cryosections revealsd that splenic architecture
ot TAGH-g treated mice was nomal but contained fawer
FQ B cells [data not shown).

Histological assessment of arthritis in interphalangeal
jolnts of paw sections reveaied that mice recaiving TACH
Ig had lower average paw and joint scores 3.3 and 0.5,
respectivaly) compared to the PBS-treated mice {11.3

and 2.2} or Hu-ig treated mice (5.2 and 1.3) (Figure 4G},
Ovarall, these results indicats a reduction in disaasa in
mice receiving TACI-Ig. Spacifically, the articular carti-
lage in the TACI-Ig traated group generafly was undam-
aged, and there was less inflammation and hypertrophy
of the synovium (Figure 4G}, In addition, the TAC!-Ig-
treated group had fawar infammatory cells in the soft
tissues surrounding the joints (Figure 4G).

The Phenotype of BLyS ! Mice Domonstrates

that BLyS Iz Required for tha Devalopmemnt

of B-2 B Calls but Not B-1 Calls

To elucidate the Involvement of BLyS in B cell differanti-
ation and homeostasis, wa produced BLyS-deficlart
mice by targeted gene disruption, The targeting strateqy
was designed to delete sequences encoding asmine
aclids 288 of BLyS, encompassing the cytoplasmic tail
and transmambrane domaln{Figure 8A}, BLyS~~ mutant
offspring wers found to be prasent atthe expected Men-
delian ratio (23%: 54%: 23%, respectively; n = 75).
BLyS™" animals ware viahle, appeared outwardly nor-
mal, and shawed no cbvious differences in size, behav-
tor or teproductive abifity. Ne BLyS expression was dz-
tected in adult lung or spleen isolated from BLys-I-
mice (Figure 5C; dats riot shown), demanstrating that a
null allele had Indeed baen generated.

The average levels of serum 196G and oM were re-
duced 4.6~ and 3.9-fold, respsctively, in BLyS = mica
compared o 1g levels In WT mics (Figure 30}, Celt popu-
lations In the splean, thymus, PEC, miN, and BM wera
characterized by FACS In ten BLyS™ mice and nine
age-matched control mice, ranging from 6 to 16 weeks
ofage. Total cell nurnbers In different lymphold compart-
ments were calculated (Table 1) and réprosentative
FACS of spacific cell subsets are shown {Figura 6}, The
total numbars of cells isolated from thymus, BM, and
PEC from BLyS™- mice were not slgnificantly different
than numbers obtained trom wild-type mice {Table 1).
Hawever, the total numbers of cells found in splean and
ENs of BLyS™ mice were raduced comparad 1o WT
mica, from 198.7 + 36.6 (x 10" 10 75.5 + 24.0 {(x 1079
in the spleen and from 28.7 = 3.2 (x 1091699 = 0.5
{x 10"Y in the mLN.

The BLyS " mice contained nommat thymocyte popu-
latians definad by CD4 and ¢Da {data not shown) and
nommal numbsars of CO3* periphoral T cells in the splaen
{Table 1} and mLN (data not shown}, indicating that
BLyS™T cells can ditferantiate and pepulate tho pariph-
ary. Howaver, it remains to be determinad whether thess

Flgure 4. TACHlg Treatmemt Befora or during the Onsat of CIA Pravants the Production of Anti-Cotiagen Abs and Dramatically Raduces the

Sevarity of the Discass

{A-F} Mice ware immuntzad with typa H chick callagen smulsifind in CGFA on day -} and iFA on day 8. Tratment was inftlated on day -7 (A,
B, and C) or on day +7 {0, E, and F}. Flitsan mico per group mealved PRS {circias) or 100 ug of either Hu-lg friangies) or TACH (squares)
ip, throe timeshwoek for 3 weelka, Arthritic laslons for eaeh paw weres grased dafly using & seoring ayntarn of 03 {§ea Experimental Procodurss),

datecting collagen-specific Abs,

{G) Histapathology of the joimts from four paws wis assassad on aix
withdliszans Represantative setions stalned wilh HAE A shown fro

mice from sach treatrment group, sacrificad 7 days after belng dlagnosed
m the PRS-, Hu-[g-, and TACkIg-treatuct tiroups, 25 Indicdtod. Ammowheacs

Inditita the surface of the articular sartilage. Pathology seores of 0-d warp assigned for paws and digita [sa6 Exparimenta) Procodures) of
six mice In gach group flablal mean scores and the standard deviatien fom the mean are reported,
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Figura 5. BLyS-Deficlant Micn Gensrated by Gane Disnsption Hewe Raduced Levels of Clreulsting Ig

{A} A partial restriction endonucisass map of the wild-type mousa BLyS focys ftop}, structums of the BLyS tameting vector {middle), ang
resulting homologous meombinamt allele (bottom) are shown, In which saquences encaditg amino acld residyos 2-80 wars delotsd and
raplaced with a IseZ geno end neo aeamlenwwunssaemmmm). Fxons 7 and 2 of BLy5 ara Indicatad by blaek boxes, end exon
215 nat shown, ES ealls and anlmals warg genctyped by gonamlc Southem biotting 1z2ing probes A and B fhortzamal black bars) to confirm
the racombinarnt %' pnd 3° junctians, respactivaly. The €xpetiad sizes of Bytil-digested bands {hartzamal dashed Thas) represanting the wik-
fypa (WT) allels and BLyS mad allsle was dotectad by Southem hybrdizatien with 3’ proba B. PCR primer palrs usag to detect the Wi and
noe alleles are indicated by eppaing bk arrows and were used to genctype most of the progeny.

(B} Genomic Southam iot analysis using 3’ proba B of Bgli-digestad tail DMA fram BLy5*'* {+/+) and BLyS ! [~/<} mice darived from
brooding SLyS**~ (+/-) mica.

{C) Northem biot analysia of poly A* RNA lsolatod from the lungs (2 pgflans) of BLyS** (+/+) and BLyS™{~/-) mica, Hybridization was
performed with a BLyS axon I-specific radivactive proba (upper panal), As a cortroi for oqual RNA Ioading, blots wam sttippoed and rahybridized
with a mouse actin probe {lower paned,

{D} The lavals of IgM {leht panad and igG [ight panel) in the sarum of WT mica (open bars) and BLyS 1 (ol bars} ware assesssg by ELISA,

Valuas represant the averags of five WT and nina BLyS™" mice, from 1014 weeks of age; astaricks denote statistically significant differences
o< 0.05,

are nommal functional T calls, The axpression of TAQ) effector T cells, The numbers of CD44*CDB2- memory/
on the surface of activated T cells {Bram et ai, 2000) effaclor T cells wers reduced from 136 = 56 (x 10-9
potentially implicates the ligands for TACI in the pro- in WT mice to 6.6 = 2.2 {x 1079 In BLyS" mice {Table
cosses of T coll stimulation and/or differentiation inte ). This represents a smail but statistically significant

———
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BlyS Is Required for 8 Cell Davelapment
T

Tabfe 1. Petipharal B Call Numbers Are Dramatically Raduced in BlyS ' Mice

Cali Counts {x 107t

wr BLyS-- P vaite®
- - H “ .

Thyrmus 1811 = 1007 1863 =~ 447 ,
Spisan 199.7 = 38.8 155 = 24.8 <0001
mLN 287 3.2 2905 0.0002
B 9828 B.H =3 0.87
PEC 2212 1.5% 04 019
Spleen B [B220°F
Tt 90 =48 100 = 47 0.58
T2MZ 19.2 %145 0.5 %08 0.0002
Mature 58.0 = 18.7 d4=12 <0.0001
NF 124 =23 WE= T 0.1
FO B17 %282 0.5=02 <{.0001
Mz M8 =67 052103 <0.000¢
Spleen T {CD3-P
AT 7T =128 488 =170 p.082
Naive T 457 = 170 385=137 0.0048
Memory T 116 + 56 86222 00018
PEC
8.2 018 > 015 0.04 = 0.03 Q.07
B4 017 = 017 007 & Q.04 018
BM {82207
IgM-- 4507 8215 028
Immature gM' D 23z 07 24 =07 075
Mature lgM-D* 0.B=02 0.2 = 0.05 <0.0001

* To abtain the number af calls in each subpopuiation, the {otal rmber of trypan blug-exciuding ceils was mutiplied by the percamage of
calls in sach subsel, as detorminod by FACS analysis (Figure 6), Values ropresert tha maen {%10~) and standant deviation from the mean

of data from 7-8 WT and 7-10 BLyS* mice.

¥ p valuns wore calculated using Student’s unpatmd t-test; values desmed statistically significant (p < 0.05) are in boldface,
* BM call caunts represant the number of calls isolated from one hindieg farmsr,

"B and T call subsets are dafined as described In Figurs B,

{p = 0.0018} decreasa In effector T calls In mice tacking
BLys.

B sl development i blocked at tha transitional T4
stage (CD21-1gM*} In BLyS*"~ mice such that virtually
no T2, MZ, or FO B cells are present {Table 1; Figure €).
NF B ¢slis are present In normal numbsrs in the spleens
of BLyS5~ mice and represant the majority of B cells in
the spisen (Table 1). Immunohistochemical staining of
spleen eryosactlons fram 4 BLyS™" mics revealed nor-
mat! splenic architecturs in BLyS™ mice. Metailophilic
macrophages were normal, but them was an Increase
In GD3* T calls and reduction of FO B calls {data not
shown),

Analysis of the BM revealed that BLyS ’ mica hava
normal numbers of pre/pro and Immature B cells but
reduced numbers of mature recirculating B calla (Tabla
1; Figure 6). We compared the percentages and tota
numbers of B-1 cells in the peritoneum of WT and
BLy5™ mice (Figure §; Table 1). The average percent-
age of B-1 cslls dafined as B220*CD5™ wera not dra-
matically differentIn 8LyS™' mice compamadto percent-
ages in WT mice (326 = 91% and 280 =+ 9.5%,
respectively). The total numbers of 8-1 B cellsin the perito-
neum of BLyS '~ mice were not slgnficantly different from
WT mice, while the peritensal B-2 call poputation in
these mica is saversly reduced (Tabla 1; Figure 8).

Discussion

The growing number of TNF ligands and recoptors with
multiple partners has added to the complexity of dis-

sacting the biological efects mediated by this family of
proteins. Exemplifying this complexity is the association
of BLyS and APRIL with two known receptors, TAC and
BCMA (Gross et 2l,, 2000; Marsters et al,, 2000} and
recent evidence for a potantial naw receptor for these
malecules {our unpublished data), Bath BLYS and APRIL
are capabla of stimulating B calls in vitro (Moore et al,,
198%; Schneider et al,, 199%; Yu et al, 2000, and BLyS
can expand B cel| populations in vivo {Gross etal., 2000;
Mackay et al.,, 1999), whereas APRIL has bean shown
to costimulate T cells {Yu et al,, 2000) and o enhanca
the survival of some tumors {Hahne et al,, 1988}, Saveral
experiments have demonstrated an assoclation he-
tween alevated jevels of circulating BLyS and autoim-
muna diseass, ingluding SLE in mice (Grass stal, 2000)
and humans (Zhang et al, 2001) and RA in humang
{Cheema et al., 2000}, whereas APRIL has been impl-
cated In cancer (Wars, 2000}, Wa report hara expari-
ments that further characterize the biolegy assoclated
with this family of proteins. We have used TACIHlg, a
pratein capable of neutralizing both BLyS and APRIL,
to undsrstand the role of these figands in normal and
diseasad mice, We have also produced BLyS-deficient
mice to elucidate the biology of this ligand and its rols
in the develsping immune system.

The Introductlon of TACKg to preimmune mice
achlaved sither by treatment with soluble protein or by
overaxpression of TACHg as a transgens, led to a dis-
ruption in 8 cell doveiopment without substantially af-
festing other cell populations {Flgures 1-3). This Sty
gests that either BLYS or APRIL Is made constitutively
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Figura 6. BLyS-Deflclent Mice Lack Mature Splenic 8 Calls b Have App

M B Coita

Splenocytes, PEC, and BM cofis from ten 6~ to 16-weak-old BLyS
with mAbs to the cell surfa maleculas indicated and analyzed by
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CO2l e

of Peritoneal B-1 Calls and Immature

¥ Normal Populat

mice and nine ape-matchad wilthtype (WT) comtro! mica wors stainad
flow cytometry as deseribad In Figuren 1 ang 2,

23 Were alsg

stalnad wilh mAbs to CD44, CDB2L, and COJ and gated on CO3* ymphocytes to datermine tha relative distribution of najve [CD44-CDB2L™),
“actvated™CD44 ' CR82L), and momory {CO44"CDE2LS T calls. Mapresentative plots for whola lymphocyte-gatod, B220-, and Cpa* splean,
lymphocyte-gated PEC, and B220" BM are shown. The perzontages of calls In each quadrant or reglon ars Indicatad,

and is required for the development and homeostasis
of the peripheral B cell pool.

Characterization of splanic B calls In bath TACHIg-
treated or TG mice revealed a spectfic arest In B call
development at the immature transitional T4 stage {Fig-
ures 1 and 3). The number of T1 colls in these mice was
unaffected by TACI-lg but thars was a dramatic loss of
12, maturg, and MZ 8 cells in the spleen. Thess rosults
suggest that the factors neutralized by TACHIg are re-
quired 1o drive B cell differantiation at tha T4 stage or
are required to sustaln mature 8 call populations. The
unique population of splenic CD21™C023+ B oalis idan-
tilied In TACI-Ig TG mice may represent a novel tansi-
tionatl B ¢all pepulation, Altemutively, G021 could be
downmodulated as a rosult of axposurs to high levels
of TACLIg i the TG mice. Analysis of the tymphoid
compartment of BLyS™' mice demonstrates the require-
ment for this ligand in the development of maturs B cell
populations. Tha block in B cell differentiation past the
T1 staga observed in TACHg TG mice is even mora
pronounced in spleens from BLyS ! animals., The total
nuntber of splenic T1 cells is the same In BLyS™ " and WT
mice, but the mature, T2, and MZ 8 cells ara completely
absent in splesns of mutam mice {Figure & Table 1),
The amest in B cell davelopment i3 restricted to the
peripharal mature and immature © cell populations. Nor-
mal B call precursor populations {pro- and pro-B cells)
are present in BM ianiated fom TACHlg treated mice
and TACH-Ig TG mice (Figure 3). This obsarvation, and

the lack of perturbation of these cells in the BM of
BLyS™~ mice, suggests that B cells will repopulate the
periphery after TACI-Ig is cleared from the animal,

Recent experimants have shown that BLYS can act
a5 a survival factor for B cells. One group demanstrated
that BLyS is sufficlent to prolong the survival of naive
resting B calls in vitro by attenuating apoptosis, inde-
pendent of antigen stimulation Do et al., 2000). Another
group showed that S8LyS preferentially induces the sur-
vival in vitro of splenic immature T2 B cells but not T1
or matura calls {Batten et al,, 2000). Our data support a
role for BLyS In the differantiation from T1 to T2 but we
cannot rule out a role for BLYS as a survival factor for
the T2 population,

A functional BCR is absolutely required for the deval-
cpment of B calls, but variaty of athar recaptors and
signals from the microanvironment also provide essen-
tial cues necessary for proper B cel devalopment {Loder
et al, 1958), B call maturation In mice deficient for the
BCR signaling element Iga [mb1ac/Ac) is arrested
somewhat before or just at the T1 stage in the splesn
(Torres et al, 1995), Tha T4 popuiation in thesa milce is
20% of normaf, indicating the need for BCR signaling
during the differentiation fram immaturs BM-derived B
cells to the transitionad T1 stage. B cells from Syk-
mica migrats from the BM to the splean but do not enter
into the primary folficle and instead remain in the red
pulp and outer PALS Tymeret al., 1995}, Pyk-2-deficiant
mice do not develop MZ B gellg but have nommal B-1
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and FO B-2 ceils (Guinamard et al., 2000). Taken to-
gether, these studies demonstrate the key roles playsd
by specific molecules duting B cell developmant. The
phenatype of BLyS™~ mice indicates that this factor is
important {or the T to T2 transition and may represent
one of the factors supplied by the microanvironment
supporting thesa B csll pepulations.

TACHg treatment has little effect on T linsage cells
or myelpid cell populations in the splaen, mLN, and PEC
{Figure 1; data not shown). The high levals of TACI-ig
nreduced in the TG mice results in a small reduction in
the numbers of CR4* and CDB* T cells in the spleen
{Figure 3B}. We can conclude from our findings that
neither APRIL nor BLyS plays a significant role in devel-
opment of nzive T cells In a preimmune state,

Tha binlogical effact of APRIL in vitro suggests a mole
for this molecule in T cell costimulation (Yu st al., 2000),
Analysis of the mature T call papulations In BLyS '~ mice
indicatas & potential role for BLYS in the development
of memary T cells In the spleen (Table 1). Whether the
subtle drop in T cell numbers In the TACK-Ig TG or the
drop in eflector T cells in BLyS ¢/ mice s the result of
a direct effect of TAC!-lg on the T cells themselvas, or
of an Indlract effect stemming from the paucity of B
cells, is not yet clear. Studles on B call-daficient ;:MT
mice cleatty demenstrata a role for 8 cells in the genera-
tion of a T cail response to parasitic and viral infaction
{Langhoma ot al.,, 1988; Homann et al.,, 1538). Mora ex-
periments are nesded to examine the production of ef-
fector T calis during antigenic challange and T cofl selec-
tion In ALyS-deficient mice or during TACH-Ig treatment
of normal mice,

The rols of BLYS in B cell activation and humoral
Immunity has suggested a wtility for TACI-lg in the treat-
ment of autoimimune diseases assogiated with patho-
geni¢ autoantibodies. Hore we show that TACH-lg can
inhibit the incidence of disease in a modat of GIA either
whan administered before onset of dissasa {7 days prier
to the second antigan challengs) or when 52% of the
mice have overt signs of inflammatian {7 days after tha
challenge). In bath delivery modes, TACI-lg suppressas
the production of anti-collagen Abs that cometate with
inhibition of diseasa progression. Evidence supporting
a role for 8 cells in the development of CIA has teen
shown in B cell-deficient uMT mics, Thess mice do not
devetop CIA, but their anti-caliagen T cell response is
normal (Svensson et al, 1988),

Studias have shown that TACI-Ig traatment can Inhibi
the production of Abs to T celi-dependent antigans, GC
formation, high-affinity Ig@ production, and formation
of low-affinity IgM (Yan et aL, 2000}, In the CIA maodal,
TACI-lg was dalivered 14 to 21 days after the first dose
of priming antigen, after GCs have formed. We can pas-
tulate several mechanisms by which TAGCKg sup-
presses Ab formation, TACI-Ig may act by inhibiting the
survival of mature B cells, reducing the pool of celis that
can develop imo Ab-forming cells. Similardy, TACKIg
could act directly by inhibiting tha ditferentiation of B
cells into Ab-praducing plasma cells. TACI-Ig may act
hyinhibiting factors required forthe maintenance of GCs
(suggested by our experiments) or complatsly inhibiting
GC formation. Regardlaess of the mechanism, the data
taken together indicate that TACI-ig is a potent inhibitar
of maturs B calis and the production of antigen-specific

Abs and therefore may be usaful in suppressing patho-
genic auteantibodiss in disease,

Tha mature long-lived pool of B celis is composed of
the B-1 B cell subset, MZ B cells, and mature B-2 B
colls that recircutate amang the follicles, The long-lived
poolof B-2 B cells is derivad from NF B cells that mature
through the transitional staga in the spleen. Alterna-
tively, mature B cells can migrate to more static com-
partments including the MZ B cells or peritorieal cavity
{B-1 B celis), Tha origin of B-1 cells is loss clearly under-
stood, but this population may derive directly fram fetal
or adult precursor populations {Wortis and Berland,
2001). Analysis of the PEC population Isclated from
BLyS™ mice revealed the mast striking differsnce ba-
tween the BLyS™" mutant mice and TACI-Ig -TG and
-treated mice. The PEC from BLyS™- mice contained
vary few B-2 B cells but had normal levels of 8-1 B cells
compared to WT mice. We have shown previousty that
mice averexpressing BLyS as a transgane develop ele-
vated B-1 cells in the spleen {Gross et af., 2000} The
fack of B-1 cells in mice overexpressing TAGH-Ig or in
mice treated with TACH!y suggests that another |-
gand(s}, possibly APRIL, acts In synergy with BLyS to
modulate the davelopment of this B cell population and
may compenzate for BLyS in the development of B-1
cells in the mutant mica.

Thesa experments indicata that BLYS plays an impor-
it rols In the developmernt of conventionat B-2 cells
but net in the development of perttoneal B-1 celfs. By
contrast, TAGI-ig clearly alters the developmant of both
B-2 and B-1 B cells (Figures 1 and 3). We have shown
that TACI-ig treatment can Inhibit symptoms of disease
in a mouse model of SLE (Gross et al, 2000). Here we
demonstrata the ahility of TACI-Ig to supprass disaase
symptoms and the praduction of pathogenic Abs in CIA.
In normal mice, we show that TACI-lg acts as an immi-
nesuppressive, regulating predominanty B cells without
dramatically affecting other ymphaid or mysloid cell
populations. Takan together, the abifity of TACi-Ig to
influence tha survival of B-2, B-1, and MZ populations
and to regulats antigen-spacific Ab production in tha
CiA model underscores the therapeutic utifity of this
molecule In the treatmant of autnimmune disease.

Experimental Procedurss.

Generation of Solutls TACIIg and Trextment of Normal Mice
Tha TACKlg protein was genarated by fusing the signal sequance
dertved from human Hesug plasmintgen activator, the extrassfiular
domain of human TACT (amino acids 1-154} {van Bulow and Bram,
1887}, and a mutated Fe reglon {Fed) from the human 1gG1 haavy
chain, To creats Fed, amine acid subsiftutions LA, L2ISE, i
GA7A werp Introduced Into IgG1 Fe to raduce binding to FeyRI,
FoyRlia, and FeyRI {Duncan et al., 1988; Wines et al, 2000;
Sondernann et at, 2000), and substitutions A230S and P3313 were
imroduced to reduen Clg-medisted complemant fheation (Tao ot
al, 1983 Canfield and Morisan, 1991). Prolein was purified from
Bupematants darived from CHO D44 colls expraging the TAGH I
by Prutein A chromotagraptry, BALB/: mice {Chartes River Lebor.
tores, Wilmington, MAY wers treated via Lp. injoction with 100 ug
af TACHg, Hu-lg {the Fc portion of human gG1 produced s de-
scihed for TACH1G), or PBS throe Smas/wenk for 14 days.

VWEp-TACHD TG Mica
A PCR Iragmant contalning the TACHg constnuet describad above
was inserted iMo the expression vector PKFO24 {Gross a1 al,, 2000)

Supplied by the Brifish Library - "The world's knowledge" www.bl.uk



Immunity
300

contairing the Vi/En promoter/entancar, Fedifired ova frorm matings
aof BECIF,; Tac mica wers microinjected with the wensyang inswt and
implanted !nmmgmtamh?nummidmﬁﬁwhy
PCR an genomie tad ONA, and TG [nas wers establishad by broeding
founders with C57BL/ETes mice {Teconle, Gammantawn, NYL

BlyS™ Mice

Haterazygous knockout mice were genarated at Laxicon CGonatles’

Incorparated [The Woodlands, TX), essantafly as previously de-
seribod (Wattler of al, 1933; Matafon et al,, 2800}, SLyS geromic
clones ware Idantiflad in a AKOS genamiic [brary darived from mouss
strain 12655 (124/SvEvBrd), A 105 kb genomie clone was used
to create a replacament-type targeting vactor to detets a 334 bp
sequencs beglaning with codon 2 of exen 1 and extanding through
tha first 13 bip of intron 1 contalning the eytoplasmic and transmern-
brana domaina of 8LyS {Figurn 5), This daiatad region was replacod
by an IRESPGal-PolyA/MCTnoo-PalyA aslectable markor cRisptta
that contelng termination codons in al} thres reading frames, an
Intamal fbosame entry soquence derived from encephalomyceandk
Us vina fused n-frame ta the laeZ gens, & polyA signal, tollowed
by a neo selectabia marker {Thoman and Capecehl, 1987), and a
sacond pA signal. The targeting vacter contained two coples of the
nagative salactable marker H3V-tk, ona flanking each side of the
genomic Insart, The finerarzed targeting vector was viectroporated
intt 12955-darived Lex-1 E5 talls and sublactad o positive/nega-
tive safaction with G418 and flalsuriding, A total of 22 {11%) tarpatad
clotes wara Identified by Southem biattig Figurs 5), Chimares wers
generated by injection of targuted E5 calls Inty CSTBLIE-Tyr* ™ binate-
cystn and transplantation Into pssudoprognant famalas. Progany
wera genotyped by Southers blotting empioying probe B {Fkpme &) ar
saparats PUR reactions datecting tho wilth-typs and nioo alleles, Probe
EwugammtadhyPcﬂmnpﬁﬁcsﬁsnuianahppmdudﬂvm
Benomiz clona pKOSRZGT/66, using the follewing primors: 2037420,
¥ -CCATCCAGAATECTCTACTG-3' and 2037422, S-CAGCCTTRE
TTGECTGCAC-. FCR genotyping was perfarmod with the primar
paire: 2637424 (sense wild-type BLy3), 5-CTGCCACCACCETGE
CTCTGTT-3" and 2637457 {sntizanas wild-type BLyS}, §'-COGOGG
CEGCTGGTGTT-Y for 8 263 bp amplicon; ZG2AH {sanse neg),
S-GOGCECCOGRTITCTITITG TG-S and 26231 33 {antisense nao),
S'-TTCOCCGCCAAGCTOTTCAGS-O' for a 578 bp ampikstn,

CIA Modal

Male DBAM mica {Jecison Laborviory, Bar Harbor, ME]} ware In-
jectod with an emulsion of chick collagan type IF {Chrondrex, LLG)
I Arthrogen-GiA Adjuvant {Cemplete Fraund®s adjuvant [CFA) con-
teinlng 1 mg/mt Mycobacteriym tubeculogs, HITAA, Difeo) on Day
-2 mmmammmwlmaayo.mamhsmmma
second Immunization of coliagen amulisifiad in Incomplate Fraunc's
adjuvant §FA). All mics wers gasansed daily beginning on Day § by
asslgning aclinlcal seorw to eachof thelr paws, baset on the severity
of adama and erythama, Arlhsitlc fosions for aach paw ware

an a score of 0-3, wheza 0 = normal, 0.5 = only toofs} invalved, 1 =
nﬁidsdmwmmahpaw.aanmdmadnmaandaq-
thema in paw, and 3 = asvare edama and arythama In paw. The
mﬁuithm!oraachanhna!aachdaymmsmmmmecnnfcai
scores for all four paws, Animals wors etrthanized aftar 7 consacy-
tive days of & scom of 2 or mona in any one paw. At nacropsy,
soerum, Inguinal, and miN, and Pawn wers callected, Paw Mistology
Wi assessed formafin-fixed sactions stained with HAE ysing the
faiowing asoring syslem: 0 o farrmal synovinl membrane (2-3 cally
thick), smsath articular surtaces; 1 = aynovial membrane hypartro-
phy, cuﬂuh:hﬁmmaynwla!snm 2 = grade 1, plus synavial
membmna hypertrophy and superficial cartiage eroslon; 3 = grary
2, pius majorerasion o the cartilage and subehondrat bane; ang 4 =
los3 of jaimt integrity through grogion with manghve cailular infiftrats,
Each paw was given & scon of 0-4, determined by thy maximaj
ioint szars for that paw.

Northarn Blot Anafysta

RNA was isolatnd uaing tha ANsasy Mid] kit {Qiagen, Valencls, CA}
acconding to the manufachurer's pratecol, with the axception that
4 DNase | reatmant ot 22°C for 15 min was included batween RWh
washes. 1-2 g puly A+ RNA was electrophoressd on a1.5% aga-

russ gel wilh 2.2 M formaidohyde in PBS and transfarred to Nytran
N membrang (Schisicher and Schusll, Keens, NH} in 20X S5C, for
lowsd byWem&éiﬁnkmg.Am!mpmbowasampﬁrmhyPcR
from a mause BLYS CUNA wing the tolluwing efigos: 2038343,
§'-GRCAMACAGGCTATTTICTTCAT-9" and 2038344, 5-TTRBAT
CAGATTCAACGGGT-2". Tho prabe was lebaled with [o®PldCTE
using the Aediprime i ONA tabaling Systam {Amersham Pharmacla
Blotach, UK). Hybridization was parfenmsd in ExpressHyb (Glontech
Laboratories, Pals Alto, CAY far 12 hr at 65'C, followed by four
washes Iy 2X 5CC, 0.05% SOS at 20°C and two washes in 9,1X
S8C, 0.1% SDS at 50°C,

Call Stalning and Flow Cymmetry

Call suspenslons wera ineubated on ica for 20 min in tha presence
of the appropriate FITC., PE-, CyChroma-, PerCP-, and/or biolin-
canjugatad mAba in FACS wash butfer {WB, HBSS+1%BSA 110
mM hepes [pH 7.4]), Colls ware washad with 1.5 ! of WB, pollatod,
and resispanded in WB comtaining streptavidin [SAXCyChroma, #
necsgsary. After another 20 min incubation on ice, the cells wars
washod and analyzed en & FACSean (Begton Diciinson, Maurtain
Viaw, CA). RBC and dead coils were excluded by electronically
pating data on the baals of FSC varmua §5C profiles; a minkmum of
2 X 1 coits of invtereat were anatyzed furthar,

Antibodles
AnthCO3-CyChroma  [elons 145-2C11),  anthCOAPE {efone
H128.18}, ant-CD5-PE (elone 53-7.3}, ant-CDBa~CyClrome {eione
53-6.7), ant-CON9-PE (clong 03], anti-CO1/I5-FITC [clong 7G5},
ant-CDR3-PE (clome BaB4), amthCD43-FIIC [clona 57}, ant-0D44-
PE (clona IM7), ant-CD4SR/B220-PorCP (clane RAD-6B2), ant-
COE2L-FITE {clone MEL-14}, anti-igh-FiTo {clona 11-26¢.23}, anti-
{gM-blotin {elone AG-60.2}, and SA-CyChroma were purchased from
PharMingen [San Disgo, CA}. Gogt ant-mourse lgM-PEwas obtained
fram Southam Blotachnslogy Assoctates (Bimingham, AL). Rat ant.
mousa CDISAB20-THColor was purchasad from Caltag (Bur-
lingame, CA},

Sarum ig and Ant-GCollagen lgG ELISAs

Totad serum lga ware msasured accornding to standard ELISA proto-
eals, ELISA microtiter MadSorp plates {Nalga/Nunc, Rochester, NY}
werecoated with 1 uo/ml goat ant-moyss 196G {faekson kmmungfe-
saarch, West Grova, PA) or 1 py/mi goat rti-enouse 1M Ryrnad,
South San Francisca, GA} and incuhateg ovarnight at 4°C, Platas
wars blocked 10 min at room temperature with SuperSliock {Plerce,
Roekford, iL). Diluted sorum samplas and Ab stangands werg added
and incubated at RY for 2 hr. Baund 53 wors dotocted with horsarnd.
Ish peroxidass (HAPktonjugated goat anti-mouse IgG Fe or HAR-
conjugated goat anti-mouss IgM {Jacisan Inmoamnh). HRP
activity was maasuned with o-phenylenedizmine dihydrochlorkig
{OPD;} {Pleres), and ebsorbances wera meesyred an  Spectra MAX
T30 1t 460 nm (Malacutar Devices Corporatitn, Sunmyvals, CA)L For
deatection of colingen-specific Abs, MaxiSem plates were coatad
ovamnight at 4°C with § xg/m! chicken colltagon (ELCH kit fram Char-

TACI g Quantitation

To datact sokibla TACKg in the serym of mice, MaxiSomp plates
wera caatad ovamight at §°C with g mouse ant-human TACI mAb
gunerated at ZymeGenatics, Platos wars washed and biocked for
10 min with Supe:Block pror to the addition of diluted sorum sam-
Piog or TACKIg standards, Aftar s 2 hrincubation at 37°C, the plates
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